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METHOD OF AUTOMATICALLY 
GENERATING AN SNMP MANAGEMENT 

INFORMATION BASE FROM 
EXTENSION-ENABLED MANAGEMENT 

AGENTS 

BACKGROUND OF THE INVENTION 

1. Technical Field 
This invention relates to the ?eld of resource manage 

ment, and more particularly, to interfacing network man 
agement systems With management agents. 

2. Description of the Related Art 
Management agents serve as an interface providing a 

layer of isolation betWeen management systems and man 
aged resources such as business applications, devices, or 
softWare implementations of services or policies. Manage 
ment agents can be implemented using resource manage 
ment extensions to programming languages. Accordingly, to 
manage resources via a particular resource management 
extension architecture, the resource must be enabled in 
accordance With the speci?cation of the management agent 
With Which the resource is to communicate. 

Although resource management extensions exist for vari 
ous programming languages, one example of a resource 
management extension architecture is the Java Management 
Extension (JMX) architecture. JMX®, de?ned in the JMX 
speci?cation, de?nes an architecture, design patterns, appli 
cation programming interfaces (APIs), and services for 
application and netWork management using the Java pro 
gramming language. The JMX speci?cation is a set of 
speci?cations and development tools for managing Java 
environments and building management solutions. The J MX 
speci?cation, Which is incorporated herein by reference, has 
been de?ned in the document Java Management Extensions 
Instrumentation and Agent Specification, vl.l (March 
2002), published by Sun Microsystems, Inc. of Palo Alto, 
Calif. 

Although resource management extension architectures 
continue to gain favor as industry standards, a limited 
number of such architectures are in operation. Many legacy 
systems, for example Unix-based products, rely upon 
Simple Network Management Protocol (SNMP). Presently, 
no standardized solution exists to provide interoperability 
betWeen resource management solutions such as JMX and 
legacy systems using SNMP. In consequence, there is no 
Way to provide a uni?ed management console vieW of a 
mixed SNMP legacy and resource management extension 
enabled management agent Without making signi?cant 
modi?cations to the management agent. 

Conventional interface solutions betWeen legacy SNMP 
systems and management agents typically have been imple 
mented as standalone systems Which are not integrated into 
the management agent. As such, the standalone solutions 
cannot take advantage of the full range of features provided 
by the management agent. For example, standalone solu 
tions cannot take advantage of noti?cations. 

Another disadvantage of conventional interface solutions 
is that signi?cant recoding and/or rebuilding of portions of 
the management agent is required. That is, to implement a 
conventional interface, developers must re-build managed 
objects of the management agent using tools provided by the 
solution package to ensure that the resulting managed 
objects have the requisite knoWledge of the SNMP manage 
ment system. To provide another example, conventional 
solutions for interfacing a JMX management agent With a 
SNMP system require developers to generate the managed 
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2 
objects or MBeans using a tool provided by the interface 
solution so that the resulting MBeans have knoWledge of the 
SNMP system. 

Such conventional solutions are implemented from the 
perspective of the SNMP system rather than from the 
perspective of the management agent. As a result, conven 
tional solutions cannot be applied to existing resource man 
agement extension-enabled products, such as JMX-enabled 
products, Without rebuilding and/or recoding the softWare 
management components of the management agent. 

SUMMARY OF THE INVENTION 

The invention disclosed herein provides a method and 
machine readable storage for interfacing a management 
agent With a Simple NetWork Management Protocol 
(SNMP) based management system. According to the 
present invention, existing management agent implementa 
tions Which utiliZe resource management extension technol 
ogy can be automatically provided With SNMP support 
Without having to implement code changes Within the man 
agement agent. The Management Information Base (MIB) 
can be used by the SNMP management system to commu 
nicate With the existing management agent using SNMP 
protocol. 
The method includes the step of reading de?nitions of 

managed objects associated With a management agent at 
runtime of the management agent. A SNMP MIB de?nition 
is automatically generated using the managed object de? 
nitions to provide a SNMP representation of the manage 
ment agent. The managed object de?nitions can be ?ltered 
using speci?ed parameters to select a portion of the managed 
object de?nitions to be included into the MIB. The managed 
object de?nitions can be associated With a SNMP table 
Within the MIB, thereby enabling a managed object to have 
multiple instantiations. 

At least a portion of a name for an attribute and/or a 
method can be automatically provided using a name of a 
managed object corresponding to the attribute and/or the 
method. Further, at least one trap corresponding to a unique 
management agent can be built in the MIB. The trap can 
include ?elds Which have a one-to-one correspondence With 
?elds of noti?cations propagated by the unique management 
agent. 
A SNMP protocol adapter can be provided to serve as an 

interface betWeen the management agent and a SNMP 
management system. The management agent can be imple 
mented in Java and the resource management extension can 
be a Java Management Extension (JMX). Further, the man 
agement agent can be a JMX management bean server 
(MBeanServer) and the managed objects can be JMX man 
aged beans (MBeans). 

BRIEF DESCRIPTION OF THE DRAWINGS 

There are shoWn in the draWings embodiments Which are 
presently preferred, it being understood, hoWever, that the 
invention is not limited to the precise arrangements and 
instrumentalities shoWn. 

FIG. 1 is a schematic diagram illustrating a system for 
interfacing an existing management agent and a manage 
ment system in accordance With the inventive arrangements 
disclosed herein. 

FIG. 2 is a How chart illustrating a method of generating 
a management information base for managing resources via 
a Simple NetWork Management Protocol management sys 
tem. 
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FIG. 3 is a table illustrating an exemplary management 
information base generated by the method of FIG. 2. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The invention disclosed herein provides a solution for 
interfacing a management agent With a Simple NetWork 
Management Protocol (SNMP) based management system. 
According to the present invention, existing management 
agent implementations Which utiliZe resource management 
extension technology can be automatically provided With 
SNMP support Without having to implement code changes 
Within the management agent. In particular, a mapper tool 
can be provided Which automatically creates a SNMP man 
agement information base (MIB) representing the manage 
ment agent. The MIB can be used by the SNMP manage 
ment system to communicate With the existing management 
agent using SNMP protocol. Importantly, the MIB can be 
created after a product has been deployed, thereby enabling 
the product to interface With a legacy SNMP management 
system. 

FIG. 1 is a schematic diagram illustrating a system 100 for 
interfacing an existing management agent and a manage 
ment system in accordance With the inventive arrangements 
disclosed herein. The system 100 includes a management 
agent 105 Which is used to interface a management system 
110 With various managed resources 115. The management 
system 110 can be any of a variety of SNMP-enabled 
management systems (SNMP management system) includ 
ing sophisticated enterprise level management systems or 
domain speci?c management systems. The management 
system 110 can include a console through Which personnel 
can monitor and interact With the managed resources 115. As 
noted, the managed resources 115 can include, but are not 
limited to, business applications, devices, or softWare imple 
mentations of services or policies. 

The management agent 105 can be any of a variety of 
resource management extension-enabled programming lan 
guage architectures Which serve to isolate the managed 
resources 115 of an information technology system from the 
SNMP management system 110. The management agent 105 
can function as a management softWare component server 
including management softWare components (managed 
objects) 130. For example, according to one embodiment of 
the present invention, the management agent 105 can be 
implemented using the Java Management Extension (J MX) 
architecture. Accordingly, the management agent 105 can be 
a JMX management bean or MBean server. 

A MIB 135 can be created to manage resources via a 
SNMP management system. The resulting MIB de?nition 
provides a SNMP representation of the management agent 
105 Which is used by the management system 110 (or 
console of the management system) to interpret data from 
the management agent 105. For example, the MIB de?nition 
can provide logical names for object identi?ers (OID’s) of 
the SNMP management system 110. 

The MIB 135 only needs to be created once, for example 
after a product has been deployed. If changes are made to the 
managed objects represented in the MIB 135, then the MIB 
135 can be updated or recreated. Importantly, the present 
invention can generate the MIB 135 at runtime using a 
mapper tool 140, Which is a program that reads parameters 
of managed objects 130 and generates a MIB de?nition. In 
order for the MIB de?nition to properly include all neces 
sary management object 130 data, any managed objects that 
Will be accessed by the SNMP management system 110 
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4 
should be loaded When the MIB 135 is created. In one 
arrangement, a program, for example a boot strap program, 
can used to load all managed objects 130 When the mapper 
tool 140 is activated. The bootstrap program then can 
terminate When loading of the managed objects 130 is 
complete. 
The management agent 105 can include an adapter 120 

for communicating With the SNMP management system 
110. It should be appreciated that various resource manage 
ment extension architectures, including JMX, de?ne a 
mechanism for adding protocol adapters. Accordingly, the 
adapter 120 can be a plug-in protocol adapter serving as an 
interface betWeen the management agent 105 and the SNMP 
management system 110. 
The adapter 120 can include mapping data 125. The 

mapping data 125 speci?es relationships among SNMP 
OID’s and managed objects 130. Notably, the mapping data 
125 can be automatically generated after the MIB 135 has 
been created. For example, When the adapter 120 loads, the 
adapter 120 can read the MIB de?nition to create a static 
mapping of SNMP object identi?ers to managed objects. 
Alternatively, the static mapping can be performed by a 
mapping tool (not shoWn). The mapping data 125 can be 
dynamically updated or replaced if the MIB 135 is updated 
or replaced. 

FIG. 2 is a How chart illustrating a method 200 of 
generating a MIB for managing resources via a SNMP 
management system. As noted, the mapper tool can be used 
to create the MIB de?nition. Referring to step 205, a “traps” 
node can be provided in the MIB. The traps node can be a 
node (child node) in the MIB de?nition tree Which is directly 
beloW a node representing a product incorporating the 
managed resources. The mapper tool can reserve a SNMP 

OID for the traps node, for instance “x.1,” Where “x” is a 
user entered SNMP base OID correlating to the product 
node. For example, if the product incorporating the managed 
resources is registered at OID 1.3.6.1.4.1.2.6.999, then 
x:1.3.6.1.4.1.2.6.999 and the OID of the traps node can be 
1.3.6.1.4.1.2.6.999.1. Importantly, this is merely one exem 
plary method of providing OID’s and the invention is not 
limited to this example. In particular, other OID assignment 
methods can be used. For instance, an application can be 
provided to automatically pass the SNMP base OID to the 
mapper tool, or alternate naming and/or numbering conven 
tions can be used. 

A traps group can be de?ned Within the traps node 
Wherein ?elds in the traps group are mapped to have a 
one-to-one correspondence With ?elds of a managed object 
noti?cation. For example, if the managed object noti?ca 
tions include ?elds for syntax, access, status and description, 
the traps Within the traps group can incorporate these same 
?elds. Accordingly, a mapping for every ?eld in the noti? 
cation can be represented as a SNMP trap parameter and all 
events from the managed objects can be processed using the 
traps in the traps group. 

Each trap in the traps group can be assigned an OID of 
“x.1.y,” Where “y” can begin With 1 and can be incremented 
by 1 for each successive trap. For example, a ?rst trap in the 
traps group can be an “event type” (evType) trap With an 
OID of x.1.1 (1.3.6.1.4.1.2.6.999.1.1). A second trap in the 
traps group can be an “event source” (evSrc) trap With an 
OID of x.1.2 (1.3.6.1.4.1.2.6.999.1.2). A third trap in the 
traps group can be “event sequence number” (evSeqNbr) 
trap With an OID of x.1 .3, and so on. As noted, this is merely 
an example of a numbering convention and other numbering 
conventions can be used. 
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Referring to step 210, the mapper tool can get a managed 
object list from the management agent associated With the 
product. For example, the mapper tool can query the man 
agement agent for the managed object list. Referring to 
decision box 215 and step 220, the managed object list can 
be ?ltered, for example to restrict the selection of managed 
objects Which are incorporated into the MIB. Alternatively, 
a complete list of managed objects can be processed by the 
mapper tool and incorporated into the MIB. 

The ?lter can be provided When certain managed objects 
are not required to be incorporated into the MIB. For 
example, certain managed objects may be provided for 
internal use by a product and may need not be accessible by 
a system console. The managed obj ects can be ?ltered using 
any method Which can be used to selectively discriminate 
betWeen managed objects. For example, in one arrangement, 
the mapper tool can provide conditional statements in a 
query Which is sent to the management agent. Accordingly, 
a ?ltered list of managed objects can be received by the 
mapper tool. In another arrangement, the mapper tool can 
apply a ?lter to the complete list of managed objects. Still, 
other ?lter methods can be used to select managed objects 
for incorporation into the MIB. 

The MIB de?nition can be created such that a node in the 
MIB de?nition tree is de?ned for each managed object. For 
example, the managed object nodes can be represented as 
child nodes beloW the product node. Referring to steps 225 
and 230, a ?rst managed object can be read from the 
managed object list. An OID of “X1” can be assigned to the 
managed object, Where “Z” is an integer beginning With 2 
that can be incremented by l for each successive object (e.g. 
l.3.6.l.4.l.2.6.999.2; l.3.6.l.4.l.2.6.999.3; 
l.3.6.l.4.l.2.6.999.4 . . . ). 

lmportantly, a SNMP table can be associated With each of 
the managed object nodes in the MIB. Each SNMP table can 
be represented in the MIB de?nition tree as a child node to 
the managed object With Which the SNMP table is associ 
ated. The SNMP tables enable managed objects to be 
instantiated any number of times, With each instantiation 
being represented as an entry in a corresponding SNMP 
table. 

Each SNMP table can be assigned an OID of “x.Z.a,” 
Wherein the “x2” portion identi?es the managed object With 
Which the SNMP table is associated. Since an object typi 
cally only contains one table, the “a” portion of the table 
OID Will typically be 1 for each table created. HoWever, if 
it is desired that more than one table be created for a 
particular object, “a” can be incremented by one for each 
successive table. The logical name of the table can be the 
classname of the managed object With a descriptor appended 
to the name. For example, in a JMX implementation, a table 
labeled “PersonMBeanTable” represents the JMX Person 
MBean. 

Object information then can be obtained for the managed 
object, as shoWn in step 235, and nodes can be created in the 
MIB de?nition tree for all object attributes and methods 
associated With the object, as shoWn in step 240. For 
example, the attributes and methods of a particular managed 
object can be entered into an SNMP table associated With the 
managed object. The attributes and methods can be repeated 
in each table entry Which represents an instance of the 
managed object. Attribute “Get” and “Set” capabilities can 
be made to match betWeen the SNMP protocol and the 
resource management extension architecture. For example, 
Within a JMX implementation, if there is a getter and not a 
setter in the JMX MBean for a speci?c attribute, the MIB 
de?nition can indicate this With a read-only attribute. 
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6 
The logical name of each of the attributes and methods 

de?ned in the MIB de?nition must match those attributes 
and methods exposed in the managed object. Thus, if the 
name attribute of a person is referred to as “Name” in the 
MIB de?nition, the name attribute also should be referenced 
as “Name” in the managed object. Further, the attribute and 
method names can be pre?xed With a variable Which is 
unique to the object With Which the attributes and methods 
are associated. This particular naming convention is a 
requirement of SNMP to ensure uniqueness Within the MIB. 
For instance, attributes and methods can be pre?xed With the 
classname of the managed object. For example, the logical 
name for an index attribute associated With a person JMX 
MBean (personMBean) can be personMBeanlndex. HoW 
ever, variable names for objects in the MIB are not relied 
upon by a SNMP protocol adapter to perform mapping 
betWeen SNMP OlD’s and managed objects. Consequently, 
a user can opt to edit the MIB to change logical variable 
names as desired, so long as a same variable name is not 

repeated for multiple objects. 
An OID can be assigned to each entry in the table. The 

entry OlD’s can folloW the convention x.Z.a.b, Where b is be 
an integer beginning With 1 and being incremented by l for 
each successive entry. The attributes and methods can be 
assigned an OID folloWing the convention x.Z.a.b.c, Where 
“c” can begin With 1 and be incremented by l for each 
successive attribute or method Within the entry. For 
example, OlD’s 1.3.6.1.4.l.2.6.999.2.l.l.l; 
1.3.6.1.4.l.2.6.999.2.l.l.2; and 1.3.6.1.4.l.2.6.999.2.l.l.3 
can represent successive attributes and/or methods in an 
entry l.3.6.l.4.l.2.6.999.2.l.l contained Within table 
l.3.6.l.4.l.2.6.999.2.l. The table is associated With man 
aged object l.3.6.l.4.l.2.6.999.2. 

Referring to decision box 245 and step 250, after the 
attributes and methods of an object have been entered into 
the MIB, the mapper tool can select the next managed object 
in the managed object list and increment the OID “x.Z” by 
one. Accordingly, an OID of “x.3” (e.g. 
l.3.6.l.4.l.2.6.999.3) Will be assigned to the next managed 
object, “x.4” (e.g. l.3.6.l.4.l.2.6.999.4) to the next, and so 
on. Reading and storage of object data then can repeat until 
the information for the last requested object on the managed 
object list has been stored, at Which point the MIB can be 
stored, as shoWn in step 255. The MIB is then ready to be 
accessed. 
A hierarchical node structure 300 representing an exem 

plary MIB generated by the method of FIG. 2 is shoWn in 
FIG. 3. Traps node 310 beneath the product node 305 
represents the traps group Which is associated With the 
product. As noted, the traps group 315 can be de?ned Within 
the traps node 310 Wherein ?elds in the traps group are 
mapped to have a one-to-one correspondence With ?elds of 
a managed object noti?cation. 
One or more additional nodes can be provided beneath the 

product node 305 to represent managed objects associated 
With the product in the MIB. For example, a personMBean 
object node 320 can be provided beneath the product node 
305 to represent a JMX MBean named “person” (personM 
Bean). Additional object nodes can represent other managed 
objects as Well. For example, a companyMBean node 340 
can be provided to represent a JMX MBean named “com 
pany” (companyMBean). 

Notably, object table nodes 325, 345 can be created for the 
managed objects and associated With the object nodes 320, 
340. As is knoWn to those skilled in the art, representing 
objects in an MIB using tables enables the objects to have 
multiple instances. Further, entry nodes, for example per 
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sonMBeanEntry 330 and company MBeanEntry 350, can be 
associated With the table nodes. The entry nodes 330, 350 
are SNMP required nodes Which help to de?ne the hierarchy 
of the MIB. 

Leaf nodes representing object methods and attributes can 
be associated With the respective entry nodes. For instance, 
personMBean leaf nodes 335 can represent ?elds having 
attributes and methods corresponding to the person MBean 
object and companyMBean leaf nodes 355 can represent 
attributes and methods corresponding to the companyM 
Bean object. It should be noted that although the examples 
contained herein are JMX MBeans, the present invention is 
not thus limited and can be used With any resource man 
agement extension technology. 

The present invention can be realiZed in hardWare, soft 
Ware, or a combination of hardWare and software. The 
present invention can be realiZed in a centraliZed fashion in 
one computer system, or in a distributed fashion Where 
different elements are spread across several interconnected 
computer systems. Any kind of computer system or other 
apparatus adapted for carrying out the methods described 
herein is suited. A typical combination of hardWare and 
softWare can be a general purpose computer system With a 
computer program that, When being loaded and executed, 
controls the computer system such that it carries out the 
methods described herein. 

The present invention also can be embedded in a com 
puter program product, Which comprises all the features 
enabling the implementation of the methods described 
herein, and Which When loaded in a computer system is able 
to carry out these methods. Computer program in the present 
context means any expression, in any language, code or 
notation, of a set of instructions intended to cause a system 
having an information processing capability to perform a 
particular function either directly or after either or both of 
the folloWing: a) conversion to another language, code or 
notation; b) reproduction in a different material form. 

This invention can be embodied in other forms Without 
departing from the spirit or essential attributes thereof. 
Accordingly, reference should be made to the folloWing 
claims, rather than to the foregoing speci?cation, as indi 
cating the scope of the invention. 
What is claimed is: 
1. A method of adding a simple netWork management 

protocol (SNMP) interface to an existing resource manage 
ment extension-enabled management agent Without modi 
fying said management agent said method comprising: 

at runtime of said management agent, discovering 
attributes, actions, and events that are supported by a 
managed object of a device; 

at runtime of said management agent, reading de?nitions 
of said managed objects associated With said manage 
ment agent, Without re-building or recoding softWare 
management components of said manasement agent to 
update access to said device, Wherein said managed 
objects publishes said de?nitions for said reading; and 

automatically generating an SNMP management informa 
tion base (MIB) de?nition having a hierarchical node 
structure associated With SNMP tables at runtime 
Which provides a SNMP representation of said man 
agement agent, said MIB incorporating SNMP object 
de?nitions of said attributes, actions, and events cor 
relating to at least a portion of said read managed object 
de?nitions, Wherein said automatically generating step 
does not require user assistance. 

2. The method of claim 1, said step of automatically 
generating a SNMP MIB farther comprising the step of 
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8 
building at least one trap in said MIB, said trap correspond 
ing to a unique management agent, Wherein said trap com 
prises ?elds Which have a one-to-one correspondence With 
?elds of noti?cations propagated by said unique manage 
ment agent. 

3. The method of claim 1, said step of automatically 
generating a SNMP MIB further comprising the step of 
associating at least one of said managed objects With a 
SNMP table Within said MIB. 

4. The method of claim 3, said step of automatically 
generating a SNMP MIB further comprising the step of 
including references to multiple instantiations of said man 
aged object in said SNMP table. 

5. The method of claim 1, said step of automatically 
generating a SNMP MIB further comprising the step of 
automatically providing a name for at least one item in said 
MIB, said item selected from the group consisting of an 
attribute and a method, said item name incorporating at least 
a portion of a corresponding managed object name. 

6. The method of claim 1, said step of automatically 
generating a SNMP MIB further comprising the step of 
pre?xing a none of each attribute and method in said MIB 
Wit a name of a corresponding managed object. 

7. The method of claim 1, said step of automatically 
generating a SNMP MIB further comprising the steps: 

?ltering said managed object de?nitions to select a por 
tion of said managed object de?nitions Which corre 
spond to speci?ed parameters; and 

incorporating into said MIB only SNMP object de?nitions 
Which correlate to said selected managed object de? 
nitions. 

8. The method of claim 1, said step of automatically 
generating a SNMP MIB further comprising the step of 
providing a SNMP protocol adapter, said SNMP protocol 
adapter serving as an interface betWeen said management 
agent and a SNMP management system. 

9. The method of claim 1, Wherein said management agent 
is implemented in Java. 

10. The method of claim 9, Wherein said resource man 
agement extension is Java Management Extension (JMX). 

11. The method of claim 10, Wherein said management 
agent is a J MX management bean server (MBeanServer) and 
said managed objects are JMX managed beans (MBeans). 

12. A machine-readable storage, having stored thereon a 
computer program having a plurality of code sections 
executable by a machine for causing the machine to perform 
the steps of: 

at runtime of said management agent, discovering 
attributes, actions, and events that are supported by a 
managed object of a device; 

at runtime of said management agent, reading de?nitions 
of said managed objects associated With said manage 
ment agent, Without re-building or recoding softWare 
management components of said management agent, 
for updating access to said device, Wherein said man 
aged objects publishes said de?nitions for said reading; 
and 

automatically generating an SNMP management informa 
tion base (MIB) de?nition having hierarchical node 
structure associated With tables at runtime Which pro 
vides a SNMP representation of said management 
agent, said MIB incorporating SNMP object de?nitions 
of said attributes, actions, and events correlating to at 
least a portion of said read managed object de?nitions, 
Wherein said automatically generating step does not 
require user assistance. 
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13. The machine readable storage of claim 12, said step of 
automatically generating a SNMP MIB further comprising 
the step of building at least one trap in said MIB, said trap 
corresponding to a unique management agent, Wherein said 
trap comprises ?elds Which have a one-to-one correspon 
dence Wit ?elds of noti?cations propagated by said unique 
management agent. 

14. The machine readable storage of claim 12, said step of 
automatically generating a SNMP MIB further comprising 
the step of associating at least one of said managed objects 
With a SNMP table Within said MIB. 

15. The machine readable storage of claim 14, said step of 
automatically generating a SNMP MIB further comprising 
the step of including references to multiple instantiations of 
said managed object in said SNMP table. 

16. The machine readable storage of claim 12, said step of 
automatically generating a SNMP MIB further comprising 
the step of automatically providing a name for at least one 
item in said MIB, said item selected from the group con 
sisting of an attribute and a method, said item name incor 
porating at least a portion of a corresponding managed 
object name. 

17. The machine readable storage of claim 12, said step of 
automatically generating a SNMP MIB further comprising 
the step of pre?xing a name of each attribute and method in 
said MIB With a name of a corresponding managed object. 
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18. The machine readable storage of claim 12, said step of 

automatically generating a SNMP MIB further comprising 
the steps: 

?ltering said managed object de?nitions to select a por 
tion of said managed object de?nitions Which corre 
spond to speci?ed parameters; and 

incorporating into said MIB only SNMP object de?nitions 
Which correlate to said selected managed object de? 
nitions. 

19. The machine readable storage of claim 12, said step of 
automatically generating a SNMP MIB further comprising 
the step of providing a SNMP protocol adapter, said SNMP 
protocol adapter serving as an interface betWeen said man 
agement agent and a SNMP management system. 

20. The machine readable storage of claim 12, Wherein 
said management agent is implemented in Java. 

21. The machine readable storage of claim 20, Wherein 
said resource management extension is Java Management 
Extension (JMX). 

22. The machine readable storage of claim 21, Wherein 
said management agent is a JMX management bean server 
(MBeanServer) and said managed objects are J MX managed 
beans (MBeans). 


